OBJECTIVE Testosterone (T) substitution of hypogonadal men by conventional intramuscular injection of T esters is not considered optimal because it induces unphysiologically fluctuating serum T levels. In contrast, scrotal T patches produce normal serum (T) levels mimicking diurnal variations. In order to assess the quality of this new form of T substitution we followed hypogonadal men treated by transdermal T up to 10 years. PATIENTS Eleven men aged 35·9 Ϯ 9·8 years (mean Ϯ SD) at the beginning of the study were treated with transscrotal T patches (Testoderm ® ) because of primary (n ¼ 4) or secondary (n ¼ 7) hypogonadism. Clinical examinations were performed every 3 months during the first 5 years and every 6 months thereafter. All 11 patients were seen for 7 years and some for longer periods: eight for 8 years, six for 9 years and four for 10 years. MEASUREMENTS AND RESULTS With daily application of one patch T levels rose from 5·3 Ϯ 1·3 nmol/l (mean Ϯ SE) to 16·7 Ϯ 2·6 nmol/l at month 3 and remained in the normal range throughout treatment. Serum 5a-dihydrotestosterone (DHT) rose from 1·3 Ϯ 0·4 nmol/l to 3·9 Ϯ 1·4 nmol/l and oestradiol from 52·3 Ϯ 9·3 to 71·3 Ϯ 9·6 pmol/l and remained stable without significant variations throughout the observation period. Patients reported absence of local sideeffects except for occasional itching. No relevant changes occurred in clinical chemistry, including total cholesterol levels and triglycerides. Haemoglobin and erythrocyte counts remained normal.
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Bone density measured by QCT increased slightly from 113·6 Ϯ 5·4 to 129·7 Ϯ 9·3 mg/cm 3 during the observation period (P ¼ 0·028). In the nine patients aged < 50 years prostate volumes showed a small but insignificant increase from 16·8 Ϯ 1·5 to 18·8 Ϯ 2·1 ml during transscrotal T therapy. In the two older patients prostate volume remained constant or decreased slightly during T therapy after an initial increase in the previously untreated patient. Prostate specific antigen levels were constantly low in all patients. CONCLUSION Transscrotal testosterone patches are well-accepted and safe in long-term testosterone substitution therapy for male hypogonadism.
Testosterone (T) replacement therapy is usually life-long in hypogonadal men. Although these patients are seen regularly by the attending endocrinologists over many years, only few reports on the long-term follow-up of hypogonadal men on T substitution have been published. In such reports 'long-term' refers to periods as short as 3 months (Vermeulen & Deslypere, 1985) and not longer than 3 years (Burris et al., 1992; Arver et al., 1997; Hajjar et al., 1997) . Most publications on T treatment deal with pharmacokinetics of conventional or new preparations and follow patients for only weeks or up to a year (for review see . From the lack of real long-term follow-up of hypogonadal men it could be speculated that T treatment presents no problems and can be regarded as safe therapy; there appears to be no reason for scrutinizing patients over many years or reporting side-effects after long-term use. One longterm study, covering a 10-year (and thus the longest) observation period, was designed to monitor possible sideeffects of T undecanoate then recently introduced and orally effective; indeed, it showed that there were no abnormalities in clinical chemistry and urine flow from patients receiving 80-200 mg T undecanoate daily during follow-up (Gooren, 1994) . For the most widely used T treatment, the injectable T esters, T enanthate and cypionate, which have been in clinical use since the 1950s, safety and biological effectiveness were ascertained by experience. However, this situation is different for new T preparations exploiting various routes of application and resulting in patterns of steroid metabolites unlike those produced by conventional preparations. For example, the transdermal T patch applied to scrotal skin has raised concern because, relative to the low-to medium-range serum T levels, high serum 5a-dihydrotestosterone (DHT) levels are produced, probably caused by high local 5a-reductase activity. While the low-to medium-range T levels mimicking the physiological diurnal rhythm of serum T (Bals-Pratsch et al., 1986; Findlay et al., 1987) are a desirable feature of this treatment modality, it was speculated that the relatively high serum DHT levels may affect the prostate adversely (Editorial, 1989) and that the circulating androgen levels would not be sufficient to induce and maintain normal bone density. We therefore took the opportunity to follow 11 hypogonadal men continuously treated with the transdermal testosterone system Testoderm ® for 7-10 years and paid special attention to prostate function and bone mineral density.
Patients and methods

Study design
The study was performed as an open, prospective investigation. Detailed information about the study was provided, and written informed consent was obtained before commencement of the study. The protocol was approved by the Ethics Committee of the University of Münster and the State Medical Board and was conducted in accordance with the principles of the Declaration of Helsinki.
Patients
Eleven hypogonadal men (age: 35·9 Ϯ 9·8 years (mean Ϯ SD); height: 180 Ϯ 9 cm; weight: 79·7 Ϯ 14·2 kg; body mass index: 24·6 Ϯ 3·8 kg/m 2 ) participated in the long-term study (Table 1 ). Five of the 11 patients had completed a preliminary 12-week study (Bals-Pratsch et al., 1986) and a 1-year study (BalsPratsch et al., 1988) with transscrotal T. Some of the first-year data of these studies are included here for the sake of completeness. Seven of the 11 patients had been treated with intramuscular testosterone enanthate, two with hCG, one with oral testosterone undecanoate before initiation of transscrotal T therapy, one patient was untreated. Eight of the 11 patients continue to be treated with the testosterone patch. Three patients discontinued treatment: one because of a change to hCG/hMG treatment for induction of spermatogenesis, one because he moved away and one committed suicide following the death of his wife. Meanwhile five additional patients entered the study but are not reported because their duration of treatment was less than 5 years.
Following two baseline control examinations after complete wash-out from previous testosterone therapy (6 weeks after intramuscular T injections, 2 weeks after oral T and intramuscular hCG) clinical examinations were performed every 3 months during the first 5 years and every 6 months thereafter. All 11 patients completed the 7-year study period. However, some patients were treated for up to 10 years (7·5 years: nine patients; 8 years: eight patients; 8·5 years: seven patients; 9 years: six patients; 9·5 years: four patients; 10 years: four patients). Because of varying group sizes data beyond 7 years of treatment were not included in the statistical analysis of variance for repeated measures, but are displayed in the figures for sake of completeness. 
Medication
Transdermal patches loaded with T (Testoderm
Blood samples
In general, blood samples were collected between 0800 h and 1400 h, 3-6 h after application of the testosterone patch. For determination of serum levels of hormones samples were separated at 800 × g and stored at ¹ 20ЊC until assayed.
Immunoassays
T and DHT were separated in extracted serum samples by high performance liquid chromatography (HPLC) before measurement by RIA. The detection limits for T and DHT were 0·28 and 0·14 nmol/l, respectively. The intra-and inter-assay coefficients of variation for T were 6·6% and 9·8%, respectively, and for DHT 7·2% and 12·3%, respectively. In our laboratory the normal range for T after separation by HPLC is 10-35 nmol/l and the upper normal limit for DHT is 2·9 nmol/l. Oestradiol was measured by RIA (Sorin Biomedica, Saluggia, Italy). The detection limit was 37 pmol/l. The intra-and interassay coefficients of variation for oestradiol were 6·8% and 8·2%, respectively. The upper normal limit is 250 pmol/l. Serum LH, FSH, SHBG and prostate specific antigen (PSA) were determined by specific fluoroimmunoassays (Pharmacia, Freiburg, Germany). The lower detection limits for FSH, LH, and SHBG were 0·25 IU/l, 0·12 IU/l and 6·3 nmol/l, respectively. The intra-and inter-assay coefficients of variation for LH were 4·5% and 6·4%, for FSH 3·7% and 5·4% and for SHBG 4·8% and 7·4%, respectively. In our laboratory the normal range for LH is 2-10 IU/l, for FSH 1-7 IU/l, and for SHBG 11-71 nmol/l. The lower detection limit for PSA is 0·5 mg/l and the upper reference limit is 4 mg/l. The intra-and inter-assay coefficients of variation for PSA were 5·8% and 11·7%.
Clinical chemistry and haematology
Clinical chemistry analysis included glutamic-oxalacetic (GOT) and glutamic-pyruvic-transaminases (GPT), g-glutamyl transpeptidase, bilirubin, creatinine, urea, inorganic phosphate, calcium, cholesterol and triglycerides. Haematological analysis included erythrocytes, haemoglobin and haematocrit. Samples were analysed by standard methods on the respective study days.
Bone mineral density
Measurements of bone mineral density were not included in the initial evaluation of hypogonadal men but were gradually introduced at follow-up examinations. Control intervals at first were fixed individually in patients and ranged between 2 and 3 years; since 1993 a yearly schedule of bone mineral density determination has become part of the routine protocol. Bone mineral density was obtained by single-energy QCT performed with a Tomoscan 350 (Philips, Best, The Netherlands) until April 1993 and thereafter with a Tomoscan LX (Philips). Tenmillimetre-thick mid-vertebral slices of L2, L3 and L4 were obtained using a low dose technique which has been described in detail previously (Behre et al., 1997) . The results were included in part in an earlier publication encompassing a larger group of hypogonadal men (Behre et al., 1997) , but are shown here again for the sake of completeness.
Prostate ultrasonography
Between 1988 and 1990 evaluation of the prostate by rectal digital examination was extended by transrectal ultrasonography (TRUS). Since 1992 annual examinations have been included in the follow-up protocol. TRUS was performed with a 7·5-MHz sector scanner (Endo-P, Siemens, Erlangen, Germany) (Behre et al., 1994) . Prostate structure is evaluated in transverse and longitudinal scans. Volume determination is based on the ellipsoid method scans (Behre et al., 1995) .
Statistics
As stated above, statistical analysis by analysis of variance covered the 7-year treatment period which was completed by all 11 hypogonadal patients. Significant variations over time were evaluated by multi-factor analysis of variance for repeated measures. In case of a general effect over time, values at single time points were analysed in more detail using the Duncan multiple comparison test for repeated measures. The respective values of the second pre-study control examination were considered as baseline values. Bone mineral density and prostate volume values at the first and last examination were tested by paired t-test. When necessary, analysis was performed on logarithmically transformed data. P-values < 0·05 were considered significant. Computations were performed using the statistical software package SPSS, version 6·1·3 (SPSS, Inc., Chicago, IL, USA) and Statgraphics Plus, version 7·1 (STSC, Inc., Rockville, MD, USA). Unless otherwise stated, results are given as mean Ϯ SE.
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Results
Clinical examinations revealed no signs of acne, no occurrence of gynaecomastia nor any enlargement or soreness of the liver or oedema. Compliance was excellent in the 11 patients as validated by systematic inquiry and checking of the remaining study medication and all wished to continue with the transscrotal T therapy (except for the three patients leaving the study for the reasons described). Between onset of therapy and the last examination there was an insignificant increase in BMI from 24·5 Ϯ 3·8 to 25·4 Ϯ 3·2 kg/m 2 . Except for occasional itching there were no local side-effects.
Serum hormone levels
Basal serum levels of T before initiation of therapy were 5·3 Ϯ 1·3 nmol/l (Fig. 1) . Treatment with transscrotal T increased serum levels of T significantly (P < 0·001) to mean values continuously in the normal range (16·7 Ϯ 2·6 nmol/l at month 3, 17·4 Ϯ 2·0 nmol/l after 7 years). During the 7-year substitution therapy statistical analysis revealed no significant change of T levels over time.
Serum levels of DHT increased significantly from 1·3 Ϯ 0·4 nmol/l to 3·4 Ϯ 0·4 nmol/l at month 3. These levels did not change significantly throughout treatment and remained at the upper limit of normal (3·0 Ϯ 0·4 nmol/l after 7 years of therapy) (Fig. 1) . Accordingly, the DHT/T ratio did not change significantly during therapy.
Substitution therapy with transscrotal T increased serum levels of oestradiol significantly (P ¼ 0·023) from 52·3 Ϯ 9·3 pmol/l at baseline to 71·3 Ϯ 9·6 pmol/l at month 3 (Fig. 2) . According to analysis of variance for repeated measures these values remained unchanged throughout the 7-year treatment period. No significant change compared to baseline and throughout therapy was seen for serum levels of SHBG. Similarly, no significant change of LH and FSH was detected in the four patients with primary hypogonadism.
Clinical chemistry and haematology
Analysis of variance for repeated measures did not reveal any significant change over time for glutamic-oxalacetic (GOT), glutamic-pyruvic-transaminases (GPT), g-glutamyl transpeptidase, bilirubin, creatinine, urea, inorganic phosphate, calcium, cholesterol, triglycerides, erythrocytes, haemoglobin and haematocrit.
Bone mineral density
As QCT measurements were introduced in our clinic only after 632 H. M. Behre et al. initiation of the study and therefore values of BMD are not available at all time-points, results are displayed individually (Fig. 3) . During transscrotal T substitution for 7·1 Ϯ 0·6 years (duration of treatment between first and last BMD measurements in the individual patients) BMD increased significantly from 113·6 Ϯ 5·4 mg/cm 3 to 129·7 Ϯ 9·3 mg/cm 3 (n ¼ 11; P ¼ 0·028). At the last QCT measurement BMD was in the normal range (Ն 110 mg/cm 3 ) in nine patients and in another patient near that range (104 mg/cm 3 ). The patient with primary hypogonadism and ankylosing spondylitis had BMD values in the intermediate range without significant variation over time (Fig. 3 ).
Prostate volume and PSA
As values of prostate volume are not available for all timepoints, results are displayed individually (Fig. 4) . Pre-study baseline examinations were only available in two patients. In one patient aged 25·2 years at initiation of therapy prostate volume rose from 12 ml to 13 ml during the first year of treatment and remained constant during his 8-year treatment period (13 ml at last examination). The other patient, aged 51·8 years at initiation of therapy, was the only patient who had never been treated with testosterone before. His prostate volume increased from 9·3 ml to 38 ml after 2 years of treatment. Thereafter his prostate volume remained constant and was 35 ml at the last examination after 10 years of transscrotal T therapy. The older patient (aged 55·6 years at initiation of therapy) had been treated with 250 mg testosterone enanthate injections every 3 weeks for 4·5 years prior to transscrotal testosterone application. In this patient prostate volume declined from 56 ml after 2 years to 42 ml after 10 years of transscrotal testosterone therapy. On average, prostate volume at the first examination during T therapy (22·3 Ϯ 4·1 ml; n ¼ 11) was not significantly different (P ¼ 0·98) from prostate volume at the last examination 6·3 Ϯ 0·5 years later (22·4 Ϯ 3·0 ml; n ¼ 11). If patients under 50 years were considered as a separate group, a small but insignificant increase of prostate volume was seen in these men (16·8 Ϯ 1·5 ml to 18·8 Ϯ 2·1 ml; n ¼ 9; P ¼ 0·25). PSA levels were constantly low and individual levels did not exceed the upper normal limit for our laboratory of 4 mg/l. Mean serum levels of PSA did not change significantly during the 7-year observation period (P ¼ 0·89). No clinical signs of benign prostatic hypertrophy (BPH) occurred and no prostate biopsy had to be performed.
Discussion
There is consensus among experts that the major goal of T substitution is 'to replace T levels at as close to physiological concentrations as is possible' (Nieschlag et al., 1992) . This goal is certainly not reached by conventional treatment with injected T esters causing supraphysiological serum T levels after injection which then decline to low levels before the next injection . These swings in serum T levels are perceived by the patient as changes in mood, general wellbeing and sexual activity. The high serum T levels paralleled by increases in oestradiol are also considered the reason for acne and gynaecomastia occurring in some patients and for polycythaemia, occasionally encountered especially in older patients on injectable T esters (Hajjar et al., 1997; Sih et al., 1997 ). An elegant modality avoiding the peaks and troughs of esters is provided by transdermal T application, which became available for clinical use in the USA in 1994 and in Long-term transscrotal testosterone therapy 633 ᭧ 1999 Blackwell Science Ltd, Clinical Endocrinology, 50, 629-635 Germany in 1998. Our early involvement in the development of this treatment allowed us to conduct the current study and to follow patients on transscrotal T for up to 10 years.
The study shows that transscrotal T treatment is well accepted by the patients and leads to excellent adjustment of all parameters considered important in monitoring T substitution therapy (Nieschlag et al., 1992; . The unusual site of application and the necessity to occasionally remove hair from the scotal skin (by clipping or shaving) in order to ensure that proper adherence does not deter patients from using Testoderm. The serum androgen levels remaining constant over so many years reflect the patients' perception.
During the study period, covering 96 patient years, no serious or milder side-effects were encountered such as acne, gynaecomastia, undue weight gain or polycythaemia. Osteoporosis is a common feature of hypogonadism (Finkelstein, 1998) . It is therefore important to point out that the bone mineral density of our patients was maintained in the normal range and even showed a slight, but steady increase. This underlines the fact that the high serum T and oestradiol levels resulting from T enanthate or cypionate injections are not required for normal bone function in hypogonadal men (Behre et al., 1997; Leifke et al., 1998) . Since eugonadal men suffering from ankylosing spondylitis have decreased BMD (Bronson et al., 1998) , it is not surprising that our patient with this additional disease continued to show low BMD despite normalized serum T levels.
Before TRUS and PSA became available, monitoring of the prostate by rectal examination alone was subjective and ambiguous. The additional sonographic visualization and measurement of the entire organ together with PSA serum levels improved prostate monitoring significantly. Using these techniques development of BPH or prostate cancer was not observed in any of our patients. There was no need for a biopsy in any of the patients. Volumes remained in the normal range for eugonadal men of respective ages or for hypogonadal men being treated with other transdermal or injectable T preparations (Behre et al., 1994; Meikle et al., 1997) . The unchanged serum levels of PSA in this long-term study are reassuring as a significant rise of PSA over time is regarded as a sensitive and specific early clinical marker for the development of prostate cancer De Biasi et al., 1996) . In addition, high serum DHT levels have little effect on androgen target organs such as prostate wherein tissue DHT levels are significantly higher than the respective serum levels (Krieg & Tunn, 1990) . Thus, it appears that the DHT levels slightly exceeding the upper limit of normal for eugonadal men do not cause undue prostate growth or dysfunction. This confirms findings in patients on oral T undecanoate treatment who showed similarly elevated DHT levels, but no decrease in urine flow over 10 years of continued treatment (Gooren, 1994) .
In summary, transscrotal testosterone application appears to be a safe and well-accepted modality for long-term testosterone therapy. In particular, the physiological serum testosterone pattern appears to be an advantageous feature of transscrotal testosterone application. This is, however, a general characteristic of transdermal testosterone application and is also seen with treatment with testosterone patches applied to the torso (for review see Meikle, 1998) . Since these patches require the addition of enhancers to allow permeation of testosterone in sufficient amounts through the non-genital skin, they may cause skin irritation, forcing some patients to abandon this mode of therapy (Jordan, 1997) . Nevertheless, transdermal testosterone therapy has become a valuable addition to the limited possibilities for treatment of hypogonadism. The possibility of immediate withdrawal, if necessitated by untoward effects, makes them specifically attractive for replacement therapy in older hypogonadal men (Nieschlag, 1998) .
